Limb salvage reconstruction has three goals: The local recurrence rate should be no greater than that with amputation, the procedure should not delay the administrationof adjuvantor neo adjuvant therapy, and the reconstruction should be enduring and not associated with many local complications [ I , 2] .
Endoprosthetic limb salvage is most often undertaken for primary bone sarcomas. Less frequent indications include aggressive or multiply recurrent benign bone tumors; bone metastases; soft-tissue sarcoma involving bone; failed primary joint replacement; and recalcitrant, chronic nonunions [2â€ "4] (Fig. I) .
Evolution of Prosthetic Design
The first endoprosthesis was implanted in I940. but this technique was not used routinely until the late I 970s. Original prostheses were custom-designed single-piece components of cast steel alloys. Early titanium single-piece components were machined (Fig. 2) . Early knee devices were rigid hinges [1] (Fig. 2) . Since the late l980s, the single-component endoprosthesis has been replaced by modular systems that use a rotating-hinge knee joint ( Fig. 3) . titanium modular segments, and a van ety of stem designs of machined titanium or forged cobalt chromium (Figs. 2 and 4). All use a 3600 ring of extramedullary porous ingrowth material (Figs. 2 and 4) in an attempt to achieve either fibrous or bony ingrowth [5] . Such in growth provides stability and isolates the peniprosthetic joint fluid from the boneâ€"pros thesis or bone-cementâ€"prosthesis interface.
Femoral stems are available with an ante nor bow for better fit and fill of the shaft.
Humeral and tibial reconstructions use only straight stems. Cross pin fixation ( Fig. 5 ) has been used to enhance stabilization and pro mote bone incorporation in press-fit tibial and femoral components and to enhance the rotatory stability of short stems [6] .
In 1985. expandable endoprostheses of van ous designs were introduced to permit en r@#;\, vent of modular prostheses, exchange of the modular segment for a longer component is now used to achieve expansion [3, 4, 7] .
Imaging Before Surgery
Once the decision has been made to un dertake endoprosthetic reconstruction, cross sectional imaging (MR imaging or CT) is used to define the extent of tumor within the bone and soft tissue, determine the feasibility of limb salvage, and plan the surgery.
Imaging for prosthetic design relies on MR imaging and scanograms. The MR image is a longitudinal Ti-weighted scan that includes the entire bone. The images are used to deter mine the extent of the tumor and detect possi ble skip lesions. Measurements are made on the scanner console at the time of image ac quisition (Fig. 6A) . Specific attention is paid to the distance from the nearest joint to the furthest extent of the lesion. Although axial images are key in the assessment of the extent of soft-tissue involvement, they are not neededifthis informationis alreadyavailable from prior cross-sectional imaging. 
A, Radiograph of 43-year-old man
with malignant fibrous histiocytoma of bone shows proximal femoral crosspin in conjunction with distal femoral endoprosthesis.
B,Radiograph of15-year-old girl with
Ewing'ssarcomashows distal femo ral cross pins in conjunctionwith in tercalary femoral endoprosthesis.
The scanogram is a full-length radiograph that includes a ruler on the image to allow accurate measurement without concern for scaie distor tion due to magnification [I, 2] . Measurements made on longitudinal Ti-weighted images are transferred to the scanograrn (Fig. 6B) to deter mine the level of a safe osteotomy. Scanograms are also used to measure the width of the medul lary canal in the shaft to determine stem size; in the femur, they are used to measure the anterior bow ofthe shaft (Figs. 6C and 6D ).
Imaging After Surgery
In the lower extremity. postoperative scano grams can be used to assess whether the legs are ofequal length (Fig. 7) . Radiographic anal ysis should include evaluation of three possi ble complications: recurrent or residual tumor, mechanical failure (bone or prosthesis), and deep infection. Stress shielding, or bone resorption around the implant (Fig. 8) . should not be mistaken for loosening or infection. This phenomenon results from redistribution of forces along the bone such that most of the axial load is transmitted through the stem. The bone that is no longer subjected to the stress thus resorbs (Wolff's law). Stress shielding is seen in the early postoperative pe riod and usually stabilizes after I year [5] .
As with conventional joint arthroplasty, ti tanium debris may be radiographically evi dent in the soft tissues around the prosthesis (Fig. 9 ). This dense material should not be mistaken for tumor recurrence.
In skeletally immature individuals, contin ued growth of the proximal tibia may be seen after reconstruction of the distal femur, even though the central portion ofthe growth plate has been breached (Fig. 10) A tibia will grow symmetrically, resulting in equal or near-equal tibia lengths [7] .
Complications
Most limb salvage reconstructions carry a 35â€"50% risk of local complications.
Local Recurrence
Tumor recurrence in the bone is extremely uncommon because osteotomy margins are usu ally well removed from the edge of the tumor. Local recurrence in the soft tissue is often diffi cult to detect radiographically, except in the case ofbone-or cartilage-forming tumors (Fig. I 1) .
Infection
Deep infection can occur acutely as a result of contamination at the time of operation or as a late complication from hematogenous seed ing. Traditional imaging techniques for the di agnosis of infection are generally not helpful.
Triple-phase technetium bone scans and in dium scans will show increased tracer activity related to the surgery for several months, and MR imaging is precluded by virtue of periprosthetic metallic artifacts. Ultimately, aspiration is needed to confirm the presence or absence of periprosthetic infection.
Mechanical Failure
Aseptic loosening is the most common cause ofendoprosthetic failure. At 10 years, the risk that a cemented distal femoral replacement (Figs. 12B and l2C ). Fatigue fracture of the metal components is not rare (Fig. 13) . Stem fracture may be appar ent clinically before radiographic confirmation As with conventional arthroplasty, the polyethylene components of an endoprosthe sis may wear. Polyethylene bushing failure (Fig. 14) is uncommon with rotating-hinge mechanisms. Only when malalignment of the components occurs can the diagnosis be made radiographically.
Prosthesis dislocation (Figs. l5A and l5B) or subluxation is uncommon. Very rarely, the components of a modular endoprosthesis will dissociate [4] . This complication is readily evi dent radiographically (Fig. I5C) .
